ABSTRACT Medical service quality is the foundation and core of the medical institution's management. However, the abstraction of service quality makes it difficult to measure by general measurement approaches. This paper proposes a new fuzzy multi-attribute decision-making model to evaluate hospital service performance based on a grey relational analysis. First, the Delphi method is used to determine criteria and establish an evaluation system. Then, the existing uncertainty and ambiguity are quantified by the interval-valued intuitionistic trapezoidal fuzzy numbers. Second, the subjective and objective information is aggregated to determine criteria weights, and then the grey relational analysis method is proposed to evaluate alternatives. Finally, a case is provided to illustrate an application of the proposed model. In addition, comparative analysis and sensitivity analysis are performed to verify the feasibility and effectiveness. The results show that the proposed model is an effective tool for evaluating medical service quality.
I. INTRODUCTION
Service quality is generally ''a magic weapon'' for companies in the competition and the main concern of various industries. The American marketing scholars Berry, Parasmaman, Zeitliatnl, etc. proposed that the evaluation of service quality is mainly based on five criteria: reliability, sensitivity, credibility, empathy and tangible evidence. This means that consumers' evaluation of service quality should not only considers the results of service, but also involves service process. The ultimate goal of a service-oriented enterprise is to provide the best service for customers while making the enterprise itself profitable. In the current researches, the evaluation of service quality has been carried out in many fields, including bank [1] , [2] , retail [3] - [5] , transportation [6] - [8] , the mediThe associate editor coordinating the review of this manuscript and approving it for publication was Yanzheng Zhu.
cal treatment involved in this paper and so on. Hospital is an organization that provides medical assistance to the public. Ensuring the quality of medical service is an important part of maintaining the normal operation of a hospital, which is also indispensable for its existence and development. Specifically, medical service refers to a diversified health service provided by medical personnel to consumers (medical service users). After receiving the service, consumers will have an assessment of the medical service quality, which can affect the development of the whole hospital. Therefore, medical service quality can be defined as the comparison between the actual perceived medical service level (that is, experienced service quality) of consumers and their expectation of service quality (that is, expected service quality). Superior service can greatly improve the quality level. At present, differences of patient needs, complexity of treatment process, and inconsistency of medical personnel's behaviors, etc. make researchers believe that it is necessary to carry out approaches of management control for medical service quality. In addition, successful experience indicates that medical service quality directly determines the competitiveness of medical service institutions.
The improvement of competitive environment and the enhancement of pressure have made more and more medical service personnel realize that providing good medical service quality is the most critical factor to ensure the success of hospitals in the future development [9] . For patients, if they are not satisfied with the service quality provided by the hospital, they will seek treatment services from another hospital. On the contrary, hospitals' improvement in medical service quality and service efficiency will be able to retain existing patients and attract new patients [10] . Therefore, it is essential to establish a model framework to evaluate the performance of medical service, so as to help major medical institutions recognize the shortcomings in operations. Meanwhile, it should be pointed out that ambiguity and uncertainty are common in the performance evaluation. In order to eliminate ambiguity and uncertainty, the fuzzy optimization method is used as an effective tool in this paper. The research can provide important decision support for promoting the development of the medical industry. The innovation of this paper lies in: on the one hand, the interval number and interval-valued intuitionistic trapezoidal fuzzy numbers (IITFNs) are used to deal with multi-attribute criteria. On the other hand, in order to balance subjectivity and objectivity to obtain results, order relation analysis method and information entropy are adopted to aggregate the criteria weights.
The remainder of this paper is prepared as follows: section 2 introduces a literature review. The evaluation index system is presented using the Delphi method in section 3. Section 4 aggregates the subjective and objective weights to propose a new model framework based on grey relational analysis (GRA) method. A case study is demonstrated in section 5. Section 6 details comparative analysis and sensitivity analysis. Recommendations and conclusions are drawn in section 7 and section 8 respectively.
II. LITERATURE REVIEW
In this section, we briefly review the literature from two aspects. For one thing, we analyze domestic and international researches on determining evaluation index system for medical service quality. For another, we review the literature related to the evaluation methods.
There are many factors involved in measuring service quality in a hospital. The U.S. health system treated medical quality and patient satisfaction as synonyms. Grönroos [11] proposed the concept of customer perceived service quality by comparing service expectation and perceived performance. Finnish scholar Hiifrnhovi et al. [12] measured medical service quality by twelve perspectives, namely, treatment information, professional skills, service awareness, drug information, privacy protection, overall treatment success rate and so on. Sower et al. [13] proposed hospital key quality assessment method to evaluate service quality from eight aspects: care and respect, effectiveness and continuity, suitability, information, effectiveness, foods, first impression and distribution. Domestic scholar Wang et al. [14] believed that medical service quality can be evaluated from the overall environment, service attitude, medical safety and administrative service measures. They proved that medical equipment and quality were the two most important criteria. Sun [15] evaluated medical service quality in five dimensions: assurance, tangibility, empathy, reliability, and responsiveness. However, Wu et al. [16] considered that in addition to the five dimensions, the acceptability of medical service fees should be regarded as a major evaluation criterion. According to the situation of the oral medical service industry, Chen et al. [17] evaluated medical service quality in terms of timeliness, safety, effectiveness, economy, sociality and confidentiality. In this paper, Delphi method is used to determine criteria. It can make the evaluation more comprehensive.
With the continuous development of research, medical service evaluation methods have also attracted more and more scholars' attention. An easy way to measure medical service quality is to ask patients or customers to assess the amount and content of their communication with doctors, nurses, physical therapists, dieticians, pharmacists, and administrators [18] . Chen and Ma [19] conducted a medical service satisfaction evaluation study in private hospitals in Zhejiang Province by using hospital hierarchical management evaluation method. Li et al. [20] evaluated the outpatient process quality, treatment time, medical expenses and patient satisfaction rate in Shanghai primary and secondary hospitals by using the methods of simulated patient survey, outpatient survey and outpatient doctor survey. Gronroos [11] introduced a two-dimensional quality model consisting of technical and functional aspects to evaluate healthcare quality. In the previous medical literature, the methods to evaluate stakeholder satisfaction included Stated Importance Methods (SIMs), which required stakeholders to complete detailed questionnaires on expectations and opinions of basic service quality. Derived Importance Methods (DIMs) integrated stakeholders' perception and overall satisfaction of service quality to make the questionnaire significantly simplified [21] . Service quality is the main criterion of customers' preference. Most of the previous researches often used mathematical statistics methods. However, in addition to specific characteristics, the service quality also has intangible attributes that cannot be measured, namely abstractness. Generally speaking, people have different opinions on service quality issues, and their preferences and judgments are sometimes expressed in terms of ''very good'' and ''satisfied'' [22] . Therefore, classical measurement tools and research methods are not enough to measure. To a large extent, service quality is undetermined [23] . For multiple criteria, uncertainties and vague factors that exist in the evaluation process, Multi-criteria decision-making (MCDM) method is the most applicable, where the evaluation criterion is the importance VOLUME 7, 2019 allocated to customers [24] . Rezaie et al. [25] chose several Iranian cement enterprises and evaluated their performance using fuzzy analytic hierarchy process (AHP) and visekriterijumska optimizacija i kompromisno resenje (VIKOR). Lu et al. [26] proposed a new hybrid decision-making model to solve health-care waste (HCW) processing technology selection problems, which combined interval 2-tuple induced distance operator and technique for order preference by similarity to an ideal solution (TOPSIS) . Xu et al. [27] evaluated the service performance of Beijing electric vehicle sharing project based on VIKOR method. Si et al. [28] proposed a hybrid MCDM method based on decision making trial and evaluation laboratory (DEMATEL) to identify the key performance indicators (KPIs) for overall hospital management. Tian et al. [29] proposed a multi-stage hybrid fuzzy MCDM method based on quality function deployment (QFD) to evaluate the performance of Changsha smart bicycle sharing project. Luthra et al. [30] combined AHP and VIKOR to evaluate sustainable supplier selection problems. Mousakhani et al. [31] proposed TOPSIS method based on group decision-making for the problem of green supplier selection . Considering stage and dynamics, Liu et al. proposed a decision model based on fuzzy DEMATEL, fuzzy karnik-mendel algorithm (KMA) and fuzzy VIKOR to solve the problem of green design partner selection [32] . The typical fuzzy multi-criteria decision-making had complexity in the process of comparing fuzzy numbers, which might result in unreliable results. Grey relational analysis (GRA) does not require a large amount of statistical data. It is useful to determine the priority by comparing the quantitative and qualitative criterion data with the optimal reference sequence, which has certain practicability and reliability. Yuan et al. [33] analyzed the relationship between transportation, energy consumption and carbon dioxide emission of 30 provincial units in China using GRA method. Wang et al. [34] proposed an effective information integration supplier selection model for supply chain management combining AHP and GRA. In the field of healthcare, there are few researches on evaluating the comprehensive relationship between patient satisfaction and five dimensions of medical service quality using GRA model. In addition, some scholars combined GRA models with other fuzzy methods to solve problems of medical waste disposal, medical diagnosis with uncertainty, and so on. When it comes to the fuzzy set theory, the interval intuitionistic-valued trapezoidal fuzzy number (IITFN) is adopted to quantify linguistic variables. It takes the trapezoidal fuzzy number as the evaluation reference, which is more accurate and flexible than the previous intuitionistic fuzzy evaluation. When MCDM methods are applied for evaluation, it is necessary to solve the problem of determining different criteria's importance, that is, some simple and appropriate methods are required to determine the weights. In the past literature, there was no systematic research on determining weights of decisionmaking problems using IITFN. In addition, it is difficult to obtain convincing results when research question integrates qualitative and quantitative weights, which are compatible with two evaluation information, including interval fuzzy numbers and language phrases. This paper aggregates the subjective and objective weights by the order relation analysis (G1) method and entropy. It can gather the decision-makers' subjective preferences and language evaluation information to obtain more accurate evaluation results. The calculation process is also intuitive, convenient and highly operable.
III. EVALUATION INDEX SYSTEM
The Delphi method is used to establish an evaluation index system. In the process, experts are able to express their opinions adequately and are not affected by others. Therefore, it's widely used in the establishment of evaluation index systems and the determination of specific criteria. Above all, 23 experts are selected consisting of 3 medical staffs from the governmental department, 3 hospital managerial representatives, 3 medical experts, 3 doctors, 3 nurses, 4 patients, and 4 patients' families aiming the research topic. After providing the background information of the project, experts make the first round of research in an attempt to determine the first evaluation index system. Then experts' opinions are summarized and compared with each other. When distributing again, a second round of research is set up to determine the final evaluation index system. It comprises eight criteria in TABLE 1, which are divided into cost criteria and benefit criteria. Simultaneously, interval numbers and linguistic variables are used to represent criteria values.
IV. PROPOSED MODEL FRAMEWORK
We suppose that there are m alternatives A i (i = 1, 2, . . . , m) and n criteria C j (j = 1, 2, . . . , n). The initial criteria values are represented by a ij . In this section, a GRA-based evaluation model is proposed.
A. STANDARDIZATION OF THE CRITERIA VALUES
There are two types of criteria: cost criteria, which are the smaller the better; benefit criteria which are the larger the better. In this paper, the criteria values are divided into interval numbers and linguistic variables. The different processing methods are given as follows.
1) INTERVAL NUMBERS
In real world, it is not possible that we can determine the crisp values every time. Due to the existing uncertainty, we can use interval numbers to express criteria. The result extent of interval arithmetic can contain all the possible point values of operations, which is its completeness [35] , [36] .
Definition 1: For given numbers X L ,X U ∈ R, if they can satisfy the condition X L ≤ X U , then an interval number can be defined as:
where X L is the lower value of the interval numberx, X U is the upper value. Definition 2:The distance between two interval numbers as
The process of normalizing interval numbers into f ij is as follows: For benefit criteria:
For cost criteria:
2) LINGUISTIC VARIABLES
There are always some complexities and ambiguities in realistic decision-making problems. When evaluating some aspects, such as comprehensive quality and performance, people usually use language forms like ''very good'', ''good'', ''medium'' and so on [37] . In order to process this part of data, decision makers generally quantify them. In this paper, linguistic variables are converted into interval-valued intuitionistic trapezoidal fuzzy numbers (IITFN). Definition 3: Letã be an intuitionistic fuzzy number on the set of real numbers, whose membership function is [38] :
The non-membership function is:
where, 0 ≤ µã
interval-valued intuitionistic trapezoidal fuzzy numbers, then the Hamming distance betweenã 1 andã 2 is defined as Eqs. (7).
The performance of qualitative criteria will be quantified by interval-valued intuitionistic trapezoidal fuzzy numbers. In this paper, the conversion rules are shown in 
; µã ij , νã ij is as follows: For benefit criteria:
where i = 1, 2, . . . , m; j = 1, 2, . . . , n; l = 1, 2, 3, 4. 
B. CRITERIA WEIGHTS 1) SUBJECTIVE WEIGHTS
The order relation analysis method (G1-method) is a method for determining the weights based on the improved AHP method. It is not necessary to compare all the factors and conduct the consistency check. Instead, it obtains the criteria weights using the scale value determined by the relative importance. The calculation process is simple and practical. The specific steps are as follows [39] :
Step 1: Determine the order relationship of the criteria. The decision makers rank the criteria
C n according to their importance, where C i C j indicates the importance degree of evaluation criterion C i is greater (or not less) than C j .
Step 2: Determine the importance scale The relative importance of the evaluation criterion C j−1 and C j is defined by r j :
where ω j , ω j−1 are the weights of the criteria j and j − 1 respectively. However, ω j and ω j−1 are often unknown, but r j can be obtained according to the importance degree of the two criteria by the decision makers. The values are shown in TABLE 3 [40] .
Step 3: Calculate the subjective weights ω sj of each criterion by Eqs. (11)- (12) .
2) OBJECTIVE WEIGHTS
To solve the evaluation of the amount of information contained in random events or signals, C.E. Shannon proposed the concept of information entropy [41] . It is also a form of information usefulness and is more objective because it bases on the original data [42] . The smaller the entropy value means that the larger the effective information provided by the criterion, the larger the corresponding weight. On the contrary, the larger the entropy value, the smaller the weight. The specific steps for determining the weights using the entropy weight method are as follows.
Step 1: Normalize the criteria.
where B1 defines the set of interval numbers and B2 defines the set of linguistic variables.
Step 2: Calculate the information entropy by Eqs. (14) . (14) where
Step 3: Calculate the variation coefficient by Eqs. (15)
Step 4: Determine the objective weights of each criterion by Eqs. (16) .
3) INTEGRATED WEIGHTS
To integrate objective weights and subjective weights, it is necessary to make full use of objective significant level information necessary and consider the subjective will of decision makers [43] . Calculate the integrated weights by Eqs. (17) .
where ω sj represents the subjective weights and ω oj represents the objective weights. α is a preference coefficient and α ∈ [0, 1]. The closer to 1, the closer to the objective weights the integrated weights are; the closer to 0, the closer to the subjective weights. This paper assumes that α = 0.5 in the practical calculation process.
C. GREY RELATIONAL ANALYSIS
Grey relational analysis (GRA) is a method to judge the degree of association according to the similarity or dissimilarity of the trends between different alternatives, which is often used to solve the evaluation problems under the condition of few samples and incomplete information [44] . The closer the development trend of two alternatives (factors) is, the more relevant it will be. Specific steps are as follows.
Step 1: Establish a normalized decision matrix. The normalized decision matrix formed after data transformation is as follows:
Step 2: Determine the positive ideal solution (PIS) and the negative ideal solution (NIS) by Eqs. (19)- (20) .
where: For interval numbers: f + j represents the maximum interval span; f − j represents the minimum interval span.
For interval-valued intuitionistic trapezoidal fuzzy numbers:
Step 3: Calculate the distance between PIS and NIS from each alternative by Eqs. (21)- (22).
Step 4: Calculate the grey relational coefficient of each alternative for PIS and NIS by Eqs. (23)- (24) . Construct the grey correlation coefficient matrix ε ij m×n . β is the identification coefficient, which is to weaken the influence of the maximum absolute difference to improve the difference of the correlation coefficient.β ∈ [0, 1]. The smaller the β is, the larger the resolution capability is. In general, β = 0.5.
Step 5: Calculate the relevancy degree p i of each alternative to PIS and NIS by Eqs. (25)- (26), respectively.
Step 6: Rank alternatives and choose the best. The relevancy degree value is used to rank alternatives. The alternative is selected as the optimal with the largest relevancy degree from the positive ideal solution and the smallest relevancy degree from the negative ideal solution.
In a word, the method procedure for the proposed model is shown in FIGURE. 1.
V. CASE STUDY
Under the marketing strategy regulations, the marginal profit will decrease when all hospitals provide the same service. In order to strengthen and increase market shares, hospital VOLUME 7, 2019 managers will focus on improving customer service quality. In this section, five reputable hospitals are taken as an example to validate the effectiveness and robustness of the proposed model, represented as A1, A2, A3, A4, and A5.
The researchers interviewed the patients, patients' family members, doctors, nurses and administrators of the five hospitals on the eight criteria. Then they summarized the results to obtain the criteria values. Linguistic variables are used to measure six criteria and the remaining two are denoted by interval numbers. TABLE 4 lists the initial criteria values for the five alternatives.
Step 1: Normalize the criteria values Linguistic variables are transformed into interval-valued intuitionistic trapezoidal fuzzy numbers based on the transformation rules shown in (4), Eqs. (8)- (9), the results are shown in TABLE 6.
Step 2: Determine criteria weights
Step 2.1 Determine the subjective weights
Step 2.1.1 Determine the order of criteria and values of importance
The order of importance of eight criteria is given by the 23 experts in section 3 that are divided into seven groups as decision makers, including medical staffs group from government department (D1); hospital managerial representatives group (D2); medical experts group (D3); doctors group (D4); nurses group (D5); patients group (D6); patients' families group (D7). The decision makers determine the order of criteria and the rationale assignment of r j by referencing to TABLE 3, which are shown in TABLE 7.
Step 2.1.2 Calculate the subjective weights Then the subjective weights are calculated according to Eqs. (11)- (12) . Results are shown in TABLE 8.
Step 2.2 Determine the objective weights The objective weights are calculated according to Eqs. (13)- (16) .
Step 2.3 Integrated weights According to Eqs. (17) , the integrated weights can be obtained. Step 3:Evaluate alternatives
Step 3.1 Establish a standardized decision matrix Step 3.2 Determine PIS and NIS by Eqs. (19)- (20) , as shown in TABLE 9. Step 3.3 Calculate the distance d ij between PIS and NIS from each alternative by Eqs. (21)- (22), as shown in TABLE 10 and TABLE 11.
Step 3.4 Calculate the grey relational coefficient ε i of each alternative for PIS and NIS respectively by Eqs. (23)- (24), as shown in TABLE 12 and TABLE 13.
Step 3.5. Calculate the relevancy degree p i of each alternative to PIS and NIS by Eqs. (25)- (26), respectively, as shown in TABLE 14.
Step 4:Rank alternatives From comprehensive analysis, the best alternative is A1 and then A3, A4. The last is A2 and A5. 
VI. COMPARATIVE ANALYSIS AND SENSITIVITY ANALYSIS
As mentioned above, the proposed method combines the concepts of G1-method, entropy weight and GRA method under a fuzzy environment, which can effectively select the ideal solution according to the preferences. This section provides comparative analysis to validate the proposed method and sensitivity analysis to determine the effect of parameters on the evaluation results.
A. COMPARATIVE ANALYSIS
In order to validate the proposed method, VIKOR method and TOPSIS method are used for comparative analysis. It proves that the proposed method is feasible and reasonable if the results obtained by different methods are equal. It is found that the evaluation results of the two model methods in TABLE 15 are consistent with the results in this paper, which proves the validity and accuracy of the proposed model. On the other hand, the differences are that the GRA-based model has higher recognition value of criteria values and the result is more consistent with the qualitative analysis result.
Moreover, in order to show better the improvement of the proposed method, it is also necessary to compare with the existing GRA method. Therefore, we choose models based on GRA proposed by Fu et al. and Kirubakaran et al., which determines criteria weights by the multi-objective optimization model and fuzzy analytical hierarchy process (FAHP), respectively [38] , [45] . Simultaneously, we calculate mean absolute percent error (MAPE) by SPSS software to analyze the results. As shown in TABLE 16, the prediction error of the model proposed in this paper is significantly smaller than the other two models. It is proved again that the results in this paper are more accurate because the data information can be fully processed by calculating the subjective and objective criteria weights respectively.
The method presented in this paper is analyzed and compared with some literature using GRA method in the medical field, such as Xie et al. [46] used GRA to evaluate the healthcare systems of different countries which calculated criteria weights by correlation degree, Tao et al. [47] used GRA to analyze the demand and supply of health resources in 38 districts and counties of Chongqing, and so on. We can conclude that most the literature, including this paper, the first step in all researches is to establish index system. The criteria are similar, including utilization rate of hospital beds, outpatient amount, health level, outpatient expenses, and so on. The difference is mainly the calculation method of criteria weights, as it is analyzed above.
B. SENSITIVITY ANALYSIS
In the following, sensitivity analysis is used to verify the effect of the various preference coefficient α and the resolution coefficient β on the ranking results. In the proposed method above, the result calculated under the conditions that α = 0.5 and β = 0.5 is satisfactory. Firstly, we change the value of α in the condition of β = 0.5. These calculation results are as shown in FIGURE. 2 and TABLE 17. Then, the results of changing the value of β when α = 0.5 are as shown in FIGURE. 3 and TABLE 18 . It can be found that the values of various coefficients do not change the ranking results.
VII. SUGGESTION
Nowadays, many hospital leaders focus on improving medical service quality to promote their competitive advantage. This paper proposes the following suggestions based on the proposed criteria to determine the advantages and disadvantages of specific aspects. Simultaneously, suggestions can improve the applicability of the proposed method and the service performance of hospitals. They also can attract patients to promote the development of hospitals.
A. CONTROL MEDICAL EXPENSES AND IMPROVE THE PUBILC NOTICE SYSTEM
Hospitals should adhere to the principle of treating for diseases and control the average cost of patients. Measures to reduce medical expenses include speeding up beds turnover and shortening the average days of hospitalization. In addition, hospitals ought to improve the implementation of the publicity system. They can announce various medical expenses through information platform construction and Internet of the hospital, so as to increase the transparency of medical charges.
B. ESTABLISH PERSONNEL TRAINING SYSTME AND STRENGTHEN INTERNAL MANAGEMENT
Hospitals can establish a systematic medical training and learning system so that medical personnel can constantly improve their professional skills and cultivation and strengthen the sense of responsibility, which can lay a solid foundation for improving medical quality. It is also necessary to cultivate high-level, professional talents and establish a reward system.
C. STRENGTHEN DRUG SUPERVISION AND IMPROVE THE DRUG SAFETY RESPONSIBILITY SYSTEM
It is critical to strictly implement the state system and regulations on centralized bidding and procurement of pharmaceuticals and medical consumables. Hospitals can strengthen the management of medicines, materials, equipment and other materials. Simultaneously, hospitals should pay attention to the evaluation of drug safety credit rating of pharmaceutical companies and publicize the results. A drug warning mechanism should be established uniformly to effectively prevent, timely control and minimize drug safety emergencies.
D. ENHANCE SERVICE AWARENESS AND STRENGTHEN PHYSICIAN-PATIENT COMMUNICATION
As a medical service institution, the nature of hospitals' work is directly related to the lives of the masses. Medical service quality is also a major factor affecting social harmony. Hospitals should require medical staff to establish the VOLUME 7, 2019 ''patient-centered'' service concept to fully reflect humanized service, which means to embody the respect and humanistic care in the whole medical service process. It is vital to establish a new and effective doctor-patient relationship and organically combine doctor-patient communication and medical quality management.
E. REASONABLY ADJUST THE LAYOUT AND PROMOTE THE HUMANIZED MEDICAL ENVIRONMENT
In terms of hospital layout structure, it should ensure the relative independence and coordination of major functional areas, strengthens the closeness between emergency department, outpatient department, wardroom and auxiliary department, and builds a convenient patient access. In the process of constructing a humanized service environment, attention is paid to meeting functional requirements, improving the service efficiency of the outpatient window, and caring for the psychological needs of patients.
F. STRENGTHEN HEALTH WORK AND IMPROVE HOSPITAL ENVIRONMENT
Hospitals ought to establish public health and facilities management systems to implement the responsibility to individual. Maintaining public facilities and regarding inspections of health and public facilities as routine hospital assessments are to enhance administrative binding force and operability.
G. PERFECT RULES AND REGULATION AND IMPROVE SUPERVISION MECHANISM
Establishing strictly various rules and regulations is crucial, such as medical ethics management system, occasionally patient satisfaction assessment system and doctor-patient communication system, and so on. For improving supervision mechanism and guarantee systems to truly implement, hospitals can set up complaint telephones or patient suggestion boxes, and issue periodically patient satisfaction questionnaires to collect information reflected by patients in various aspects. Hospitals can also invite medical supervisors outside and organize meetings to consult the opinions of the community on the work of the hospital.
VIII. CONCLUSION
With the increasing demand of the masses for medical treatment, continuous improvement of service quality has become the main means for hospitals to transform the economic growth mode and the major work of hospitals under the conditions of fierce competition in the medical market. The results of evaluating medical service quality can serve as clients' response to the performance of each service project, thus promoting hospitals to improve service quality. This study provides a scientific method for evaluating medical service quality that proposes a new fuzzy MCDM method based on GRA and aggregation of subjective and objective criteria weights. Under the uncertain environment, service quality is generally influenced by subjective judgments. In the proposed method, linguistic variables are converted into interval-valued intuitionistic trapezoidal fuzzy numbers because they are more elaborate and accurate than other intuitionistic fuzzy numbers. The concepts of G1-method and entropy weight are used to calculate the subjective and objective weights respectively and aggregate them, so as to obtain more precise criteria weights. Then GRA method is used to rank the selected hospitals and select the optimal hospital. Comparative analysis compares the results of this paper with those obtained by other MCDM and existing GRA models to confirm the effectiveness of the proposed method. Similarities and differences are compared between this paper and literatures with the same research direction. Sensitivity analysis indicates that changing parameters has no effect on the ranking results. Finally, relevant suggestions are put forward to improve quality levels. However, there are certain limitations in this paper. In case study, only five hospitals are selected for researching and analyzing, so the representativeness of the results may be insufficient. In this paper, criteria are evaluated based on the independence of each other, so the correlation and dependence between criteria are not considered. For the future development direction, aggregation between criteria can be considered to prevent loss of data and increase the applicability of the model. In the selection of experts group, quality assurance consultants can also be added. Moreover, the model framework proposed in this paper can be used to evaluate service quality in the medical industry and it can be extended to other industries for research in the future.
